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T-2  to:<in  is  a  potent  cytotoxi^  metabolite  produced  by  the  Fusar ium  species. 

The  fate  and  distribution  of  (^Hj-labelcd  T-2  toxin  were  examined  in  male 
guinea  pi?s.  Radioactivity  was  detected  in  all  body  tissues  within  3(i  min  after 
an  im  injection  of  an  dose  (1.04  mg/kg)  of  T-2  loxin.  The  filasma  concen¬ 

tration  csicvc  of  radioactivity  versus  time  was  muliiphasic,  with  ,in  initial 
absorption  half-life  (T1/2,E)  of  less  tluin  6  min.  The  initial  half-life  of 
elimination  (T1/2,A)  was  1.8  hr.  Bile  contained  a  largo  amount  of  rad  inactivity 
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l^hich  was  Identified  as  HT-2 ,4-v1eacetylneosolaniol,  3 'hydroxy  HT-2,  3'*hydroyt.y 
"t-2  triol,  and  several  more-polar  unknowns.  These  T-2  metabolites  are  ex¬ 
creted  from  liver  via  bile  into  the  intestine.  Within  5  days,  75%  of  the  total 
radioactivity  was  excreted  in  urine  and  feces  at  a  ratio  of  4  to  1 .  The 
appearance  of  radioactivity  in  the  excreta  was  biphasic  {T1/2,A=2.2  hr,  1.5 
days  and  8.2  hr,  1.7  days,  for  urine  and  feces,  respectively).  Metabolic  deriv¬ 
atives  of  T-2  excreted  in  urine  were  T-2  tetraol,  4-deacetylneosolaniol ,  3' 
hydroxy  HT-2,  and  several  unknowns.  These  studies  showed  a  rapid  appearance  in 
and  subsequent  loss  of  radioactivity  from  tissues  and  body  fluids.  However, 
radioactivity  (10^  dpm)  was  still  detectable  in  tissues  at  28' days.  The  dis¬ 
tribution  patterns  and  excretion  rates  suggest  that  liver  and  kidney  are  the 
principal  organs  of  detoxication  and  excretion  of  T-2  toxin  and  its  metabolites. 
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Fat9  r.nc  Distribution  ai  ’H-Labeled  T-2  Mycotoxin  in  Guinea  Pigs.  Pace. 

J.  3..  Watts.  M.  R.,  Dinterman.  R.  E.  ,  Matson.  C. .  Surrcws.  E.  P.,  Hauer,  E. 
C.  and  Wannemacher.  R.  W.,  Jr.  (1984)  7a  x ico I .  A  op  I .  rharaaco!, 

T-2  toHin  is  a  cctent  cvtotoxic  metabolite  oroduced  bv  the  f'Ji;arii!» 

5CSC195.  The  -ate  and  distribution  oT  C^Hl-labeled  T~2  toxin  Mere 
e-amined  in  male  guinea  pigs.  Radioactivity  was  detected  in  aii  bodv 
tissues  Within  30  min  a-fter  an  is  injection  oT  an  LDso  dose  (l.u4  mg/ic) 

0^  ’-2  toxin.  The  olascia  concentration  curve  ot  radioacti  vi  t  v  versus  time 
MSS  oulriphasic,  with  an  .nitial  abscrotior  haH-lite  (Tj/a,*)  ot  less 
than  6  min.  The  initial  hal^-lite  of  elimination  (T,/2.c)  was  1.9  hr. 

Bile  contained  a  large  aaount  of  radioactivity  which  was  identified  as  HT-2, 
<i-deac9t  y  1  neosol  an  i  q1  ,  j'hydroxv  HT-2,  3'hvdrox.v  T-2  triol,  and  several 
■Bore-ooiar  unknowns.  These  T-2  metabolites  are  excreted  from  iiver  via  bile 
into  the  intestine.  Within  5  days,  75Z  of  the  total  radi oacti vi tv  was 
excreted  in  urine  and  feces  at  a  ratio  of  4  to  I.  The  aaoearance  o* 
radioacti  .'i  ty  in  the  excreta  was  biphasic  (T,,2,*  =2.2  hr,  1.5  davs  and 
9.2  hr,  1.7  days,  for  urine  and  feces,  respectively).  Metabolic  derivatives 
of  T-2  excreted  in  urine  were  T-2  tetraol,  4-deacetyl  neosol  am ol  .  3  hvdroxy 
HT-2.  and  several  unknowns.  These  studies  showed  a  rapid  aooearance  n  and 
subsequent  loss  of  radioactivity  free  tissues  and  body  fluids.  However, 
r adi oact i V i t v  (10®  dpa)  was  still  detectable  in  tissues  at  28  davs.  The 
distribution  patterns  and  excretion  rates  suggest  that  liver  and  kidnev  are 
the  principal  organs  of  detoxication  and  excretion  of  T-2  toxin  and  its 


aetabcl i tes. 
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T-2  tor.in,  (  4  s  ,  :  5-d  1  acet  ox  V  So- :  3-9ethyl  but  yr  y  1  oj:  v  ) -3«-hydr  o;:  v-  12,13- 
s?o  .  t’';  chot^ec-'-sne)  .  ;3  a  toxrc  aetabolite  oroduced  bv  the  f'jsarms 
i?e:;es  'Saf.cjrc  at  ai..  l®  =  5a:  Uer.o,  1’??,  I'^SO;.  '-2  is  a  ootsnt 

inhibitor  eu-arvotic  o’^otein  svnthesis  'Ueno  ft  ai.,1’35:  f^cLaugniin 
ft  a.'..l'”!.  as  are  oost  ot  the  ’2.  ir.-eco,.  .'-i'-trichothecsne 
coTioounos.  These  zoiisoo'jnds  are  c.-totcxic  to  cultured  aniisai  cells  lUeno  ft 
Thoacson  and  ^^cnnemacher .  1'92',  siin  tissue  isaaburg  ft 
Lero  ft  al..  i''-'.).  and  acti.-elv  oivioini;  ceiis  'Eaito  ana 
Ihtsuoo.  P'4-,  flitt  /ar. i.ng  to.icities  related  to  rneir  -zne.riical  5tr'jctu''es 
■  L  ®  r.  c  ^977  /  . 

is. era!  laboratories  have  'ecortec  or.  the  aetabclisa  ot  T-2  toxin  m 
aninals.  t’c?  and  rats  aetaoolioe  ’’-2  to  -''■-2.  neosolanioi.  and  several 
unlnowns  .tiatsuaoto  ft  ai.,  :*7Si.  while  broiler  chickens  aetabolire  the 
toxin  to  T-2  tetraoi  ,  4-deac9 1 y 1 neosol am o!  and  several  unknowns  'Chi  er 
ai.,  1975:  Yoshioawa  et  ai.,  PSO).  !n  the  lactating  cow  ;  losnicawa  ft 
ai.,  PBl.  PS2).  T-2  is  aetaboiired  to  HT-2,  neosolanioi.  4- 
deacet  / 1  neosol  an  1  c  I  .  3'hydro>.v  T-2.  and  3  hvdroxv  HT-2.  These  studies  show 
that  T-2  aav  be  aetaboliced  into  products  ct  eaual  or  lesser  toxicitv 
!  '.er  0  ,  P”  . 

Because  T-2  tc;;i’.  is  raoidi.-  setaboliced.  c-e.ious  studies  were 
concerned  with  the  tirst  49-'2  hr  period  atter  tne  aomi.nistration.  ct  the 
to.ii.n.  In  cases  ot  huaan  toxicoses,  saaoles  are  otter,  obtained  at  auch 
iats'  ti.r.e  oci'’ts  "lirocna  e^  ai..  P57’.  "or  tnis  reason  we  condactec  a 
roirorenersi'.  e  stud/  ot  the  tetabclis.a  -ot  T-2  over  2S  da  vs.  ioeci'icallv,  we 
detsrnined  the  absorction.  d : str : but i or  .  aetabolis*.  and  excretion  oatterns 
ot  /•  ad  1  oao  1 1  V 1 1 V  atter  a  single  i*  niection  ot  [ ’H3-i  abel  ed  T-2  toxin  in 
the  guinea  oig.  In  so  doing  we  hoped  to  detereine  which  of  the  »ajor 


net abcl 1 tes ,  detected  in  boov  tluids 


could  be  jseo  as  clinical  indicators 


of  trichothecene  intoxication. 

METHODS 

t.' .  T-2  toxin  was  purchased  from  Caldiochem-Behrinp®.  Purity 

was  astermined  to  be  99‘:  by  thin  laver  chromatography  (TLC)  and  bv  gas 
chromatography-mass  spectrometry (GC/MS) .  Standards  for  TLC  (T-2,  HT-2,  T-.; 
trici,  and  T-2  tetraol!  were  purchased  from  Calbiochem.  T-2  toxin  was 
labeled  with  tritium  in  the  C-3  position  by  Mew  England  Nuclear^  using 
the  method  of  i^Jallace  et  al.,i  1977  ).  The  puritv  (93/1  radiochemical 
purity,  specific  activity  3.9  Ci/mmol  of  «T-2)  was  determined  by  HPLC  as 
well  as  TLC. 

"cxicity  of  T-2  aycotoxin  in  guinea  pigs.  To  establish  the  toxicity  of  an 
im  injection  of  T-2  mycotoxin  in  the  guinea  pig,  six  (6.'  guinea  pigs  were 
injected  with  3.0,  2.5,  1.75,  1.5,  1.25,  1.0,  0.75,  or  0.5  mg/kg  of  T-2 
toxin  in  ethanol : gi ycerol ; water  (2s3:5).  The  LDso  was  1.04  +/-  0.25 
mg/kg  (mean  */-  SEM)  with  a  mean  time  to  death  of  !f>.6  hr  (Pace  et  ai., 
1983). 

Treataent  of  Aniaals  and  Saiple  Collection.  One  hundred  and  twenty  five 
male  guinea  pigs  ,  weighing  between  450  and  500  g ,  were  injected  i  m 
with  0,5  ml/kg  of  a  solution  containing  2  mg  of  T-2  toxin  and  200  oCi  of 
non-exchangabl e  C*H]-T-2  toxin  per  ml  in  ethanol ; gl ycerol : water  (2:3:5’ 

(LDso)  (Pace  et  ai.,  1993).  In  the  first  study,  twelve  toxin  treated 
guinea  pigs  were  housed  in  stainless  steel  metabolic  cages,  and  food  and 
water  intake  were  measured  over  the  28  dav  post-exonsure  time  period.  Urine 
and  feces  were  collected  daily  from  those  guinea  pigs  that  survived  the 
toxin  challenge.  In  the  second  study,  guinea  pigs  were  housed  in  groups  of 
12  each  and  all  owed  fcod  and  water  ad  1  it: tua.  Six  guinea  pigs  were 
killed  at  0.5,  3,  i,  12  hr:  !,  2,  3,  7,  14,  and  28  days.  Guinea  pigs  were 


ielected  at  randain  tor  necropsy  tor  histopathoiogical  analyses.  The  goinea 
pioi  <iere  anestheticad  with  0.5  al.-kg  ct  a  1:1  airtore  at  Ketamine  and 
Raopun"  'i.a)  and  olnod  was  removed  by  cardiac  puncture.  Bile  was 
ccllected  trom  the  gall  bladder  and  u^'ine  colie c tea  trom  the  tladae'". 

Tissue  samples,  -nciuding  liver,  kidnev,  heart,  ’ung,  saieen,  adrenals, 
testes,  brain,  stomach ,  large  and  small  intestines  muscle,  and  tat  pad  were 
collecteP,  weighed  and  guick ly  tracen  between  lipuid  nitrogen-cooled  clamps. 
Ta  :  e.' s  ; a  f ;  in  nr  sitac;iit;s.  Plasma,  urine  and  bile  were  analvced  tor 
radi  oacti  vi  tv  in  a  Iiouio  sc  i  nt  i  1 1  at  i  cn  counter*.  An  aiiguot  '■.'.'.‘-10  ul  ; 
ot  plasma,  urine,  and  bile  was  analyzed  oy  TLC  to  separate  and  identity  the 
to.  in  metabolites.  F'scoated  silica  gel  TLC  plates’^  HO  y.  20  ch.  0.25 
mm  thick.*  were  develooed  using  two  sequential  solvent  systems:  !!i 
c.h  1  or  ot  or ethy  1  acetate :  ethanol  '.50:25:251,  <21 

oh  1  or 0 1 or m :  et h V 1  ac et at e : ethanol  OO:  1'):  lOi  (Pace  et  ai..  19831.  Mycotcxin 
standards  were  visualized  based  on  a  ohrosiogenic  reaction  between  4-(p- 
nitrcbenz/ll  pvridine  and  the  12,!3-epo:<y  group  (Takitani  et  ai.,  1979) 
and  samples  were  scanned  tor  radioactivity  with  a  Bioscan  BIDIOO 
radioisotopic  scanner**.  The  radioactive  zones  then  were  scraped, 
extracted  with  boiling  ethyl  acetate,  and  filtered  through  a  glass  wool 
plug.  The  tiltrates  were  evaporate  under  a  stream  ot  nitrogen.  The 
residues  were  derivatized  with  1  drop  each  ot  .methylene  chloride  and 
t r 1 t 1 uor oacet 1 0  anhydride,  sealed,  and  allowed  to  stand  at  room  temperature 
1.5-2  hr  before  nitrogen  removal  of  the  liquids  .  The  residues  we-e 
dissolved  in  a  minimum  of  acetone  and  analyzed  immediatelv  bv  GC.'M;  using  a 
Hewlett  Packard  5°95  9*^  equipped  with  a  25m  X  ‘'j,2  mm  ID  fused  silica 
capillary  column  (crass-i inked  OV-l.  11  urn  thick)  interfaced  directlv  to 
the  source.  Source  temperature  was  20'1*‘>C,  and  GC  conditions  were 

:  Best  Available  Copy 


160*C».  t  ain^  20*C/«itt  ta  250*C.  ElteSroft-iatp^ct' *jijKtr».  were  run.' 


usinj:  7ftv  #w. 


Distribution,  To  deterisine  the  tissue  distrihutton  of  radioictivity,  i 
weighed  saoiple  was  aiiidizad*^  and  the  r adi oacti '^i ty  deterainsd  in  a 
ligiiid  scinti 1 iatian  counter.  Metatolites  have  not  yet  been  deterained  in 


tissues. 

Ainftic  .•Inaiysjs.  The  absorption  and  elieination  ai  T-2  toxin  were 
described  by  neans  at  kinetic  paraneters,  Ka  and  Kc,  in  the  following 
equation; 


Cr  =  A(-e-«A'^  6-“*’') 

where  Ct  »  concentration  in  plasaa  at  ti»e  T,  A  =  constant,  Ka  = 
absorption  constant,  Ks  =  el i ainati on  constant.  The  seailog  plot  of  the 
concentration  against  tiae  is  a  straight  line  with  Kc  as  the  slope 
(Karlcg  et  a/.,  1978).*  The  concentration  curve  is  divided  into  absorption 
and  eiioination  phases  with  half-lives  related  to  the  absorption  and 
el iaination  constants  as  follows:  Ti/a,A  »  In2/KA  and  Ti/a.c  » 

In2/K,. 

Statistical  analysis.  The  coefficient  of  variation,  C  »  s/aean,  was  used 
to  describe  the  aaount  of  variation  in  the  data.  The  standard  deviation  (s) 
expressed  as  a  percentage  of  the  aean  was  less  than  or  equal  to  1S‘X. 


RESULTS 


Stneral  Observations. 

In  guinea  pigs  receiving  an  LDso  dose  of  T-2.toxin,  food  intake  was 
markedly  reduced  but  slowly  returned  to  noraai  by  day  7.  This  reduction  in 
food  intake  ccabined  with  the  intoxication  resulted  in  an  average  loss  of 
body  weight  of  73  g  within  3  days.  8y  3  hr  post-exposure,  the  guinea  pigs 


P|D 


starts:  to  develop  hypothermia;  their  temperatures  reached  a  nadir  ot 
32“C  b'-  12  hr.  Hematolcoical  and  morphological  changes  were  similar  to 
t h 0  =  s  described  p r  s ;  o u s  1  v  by  d e  Nicola  et  a i .  ■’  I ? 7 3  '  . 

hire  f  os d  i  0  1  s  ,1  a  d  j  a  c  d  1 1  1 1 V  i  h  3  i  ■.*  .*  c .  i/r  i  T:  s  a.s  d  F  s  o  s  s  , 

T'iS  plasma  concentration  curve  iPio  1.  i.nset}  was  aultiphasic  witn  an 
initial  absorption  hali-li-fe  o-f  less  than  ;  min  and  an  initial  elimination 
nal'^-lira  cf  l.S  nr  :F;o  1'.  The  •final  e  1 1  m:  n  at  i  cn  had  an  apoarant 

half-lif?  of  50  hr  (Fig  !,  inssc).  The  appearance  of  radi  oacti -.i  ty  i.n  tne 
ever  eta  as  diphasic  with  initial  absorption  hair- lives  of  2.2  hr  in  urine 
and  3.2  hr  in  feces.  The  appearance  of  label  in'  urine  correlated,  wi.th,  its. 
di  sappe.'-rance  from  blood  !2.2  hr  vs.  1.3  hr). 

The  lumulative  excretion  of  radioactivitv  in  the  urine  and  feces  of  the 
guinea  'Cig  is  shown  in  Figure  2.  In  a  five  day  period,  757.  of  the  total 
r  ad  1  oac  *.  i '/ i  t  y  was  excreted  in  the  urine  and  feces  at  a  ratio  of  4:1  !Fig  2, 
left  verical  axis).  Radioactivity  peeked  in  urine  24  hr  after  injection  of 
the  toxin  and  rapidly  decreased  over  the  next  4  days;  while  in  feces,  the 
’"adioacti'/ity  slowly  increased  over  the  first  5  days.  At  29  days 
radioactivity  (Sxl’O*  dpmi  was  still  detectable  in  the  excreta. 

4  ri  a  i  y  i  i  j  of  '^fetabolitss  iri  Bile  and  Urine. 

The  bile,  obtained  from  the  gall  bladder,  had  the  highest  specific 
activity  (Table  Dand  after  12  hr  it  contained  IT’/l  of  the  total  administered 
r adi cac t i V i t V  (Figure  3).  The  biliary  metabolites  were  identified  by 
radioisotopic  scanning  of  a  TLC  plate**,  illustrated  in  Figure  4,  and 
structural  assignments  were  made  on  the  basis  of  electron  impact  mass 
spectra  of  their  GC-separated  trifiuoraacetate  derivatives.  Standards  (T-2, 


^^“2,  and  T-2  tetraol)  were  run  under  the  saee  CDndxtxQns  as  were  the 
unknown  sanplas.  Other  structural  assigneents  were  based  on  the:  aass 
ipectral  library  provided  by  Mirccha  and  rawlosky  (personal  cossiuni  cat  i  on  • . 
4-reac  3 1 V 1  necs  ol  an  1  al  (Yoshisawa  at  sf,,  1930)  was  the  aajor  riietaboiite 
'42  jg- 'Si )  ai  ang  with  HT-2  (4  .'g/al),  3'hydroxv  HT-2,  CYosnicawa  at  si., 

1992'  i’.5  (ig/nl,  in  a  ratio  of  5:'3)  ,  and  3'hydroxy  T-2  trial  (Cole  et 
si.,  1991)  (9  agyal).  Dehydration  of  the  ’"-hydrosyl  has  been  shown  to 
occur  readily  under  the  tr i f 1 uoroacet vl at i on  conditions  iPawloskv  et  s!,, 
1*34;.  Thus,  the  prssenca  of  the  3  -hydro.-.'.-  netabclites  was  deduced  fro.o 
laaas  spectra  of  mi.xtures  of  the  respective  2'  and  3'-unsatur ated  compounds, 
separated  by  GC.  A  typical  mass  spectrum,  that  of  the  2'-isomer  resulting 
from  3'-hydraxy  T-2  trial  is  depicted  in  Figure  5.  The  base  peak  at  j/r 
33  is  due  to  the  conjugated  ester  moiety  at  C-S,  and  the  fragments  above 
»/z  200  are  characteristic  of  3,4-dihydroxy-9, 15-oxygenated  12,13- 
epo.'<ytrichothec-9rene  tr i f  1  uor oacetatas  (Pawlosky  et  si.,  1994).  In 
addition,  a  substantial  quantity  (21  wg/»l)  of  unidentified  tr i chothecene- 
related  polar  raetabol i te (s)  was  found,  and  is  under  structural 
investigation.  By  24  hr  the  concentrations  of  all  biliary  metabolites  had 
decreased  4-fold.  Figure  6  is  a  representative  radiochromatogram  of  the 
urinary  metabolites  of  T-2.  At  3,  6,  12,  24,  72  hr  the  major  urinary 
metabolites,  identified  by  GC/MS,  were  T-2  tetraol  (3.6  to  6  yg/ml),  4- 
dsacetyl  neosol  ani  ol  (1.4  to  7aq/ml),  3  hydro.':  y  HT-2  (3  to  4  pg/ml)  and 
several  more-polar  trichothecene  metabolites  (  4.7  to  7  i/g/al).  The 
radioactive  peak  located  at  the  origin  was  composed  of  several  metabolites 
and  comprised  5-20'/.  of  the  total  measured  radioactivity.  After  treatment  of 
the  material  that  remained  at  the  origin  with  p-glucuronidase,  two 
additional  less-polar  radiolabeled  peaks  were  seoarated  by  HPLC.  This 
suggests  that  at  least  one  of  the  components  of  this  peak  was  conjugated  as 
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j 1 ucur on  1 de .  Bv  2S  davs  1-2  tetraal  was  the  onlv  identities  T-2  aetabalite. 


.tt  all  i\ss  QCints  the  urinarv  Level  or  unfletadolized  '’’-Z  waa  below 
dstecticn  limits  iLao.'m!'. 


Becoverv  ot  total  ad.mi  ni  stered  rad  i  oact  i  v:  t  v ,  evcludinc  carcase  iskin 


and  2  c  n  e 

associated  c  c 

u  t  s  ,  r  a  n  Q  9  d 

♦  ••njij  74'“!' 

Rad;  oacti  VI  ty  peaked  in 

the  Pile 

at  12  hr ,  and 

in  the  large 

intestine 

a  t  2  4  h  r  s  .  R ;  o  .  3  )  . 

Radioacti 

V 1 1  y  a  p  2  s  a  r  e  d 

in  the  large 

.ntfistin  fi 

in  two  phases:  a  racid 

increase  in  the  tirst  3  hrs,  tallowed  by  a  slew  increase  to  i07.  ot  the  total 
admi  n  1  at  sr  ad  r  ad  i  oact  i  v  i  tv  ever  the  ne;;t  24  hr-.  After  dav  7,  less  than  l/l 
of  the  total  radioactivity  remained  associated  with  che  31  tract,  ^^igures  7 
and  3  show  the  distribution  of  label  into  major  tissues.  The  peak 
r  adi  oact  i  V  i  t  y  in  most  tissues  appeared  at  30  min-,  then  raoidly  declined. 
While  the  total  counts  associated  with  the  kidnev  (  Fig.  7)  were  less  than 
those  with  the  liver,  the  specific  activity  (dpm/mg  of  tissue)  was  higher  in 
kidney  (Table  1).  The  specific  activities  of  the  heart,  brain  and  testes 
were  am eng  the  lowest  measured. 

Muscle  and  fat  deposits  (Fig. 3)  contained  the  highest  total  counts. 

The  values  for  the  percentage  of  radiclabel  in  muscle  and  fat  are 
approximates  based  on  muscle  being  40V,  of  the  total  bodv  weight  and  fat 
being  13'/,  of  the  total  body  weight.  The  specific  activity  in  muscle  was 
comparable  t  that  found  in  heart  (Table  2). 


DISCLISSIQM 

Radiolabeled  T-2  toxin  was  distributed  in  ail  tissues  within  30  min 


after  an  I  a  iajectian- of  thr  toxin.  The  rapid  rncjorporation  ai  label 
suggests  that  toxic  e^^ects  could  begin  shortly  after  exposure  to  the  toxi n . 
ixcept  in  the  large  intestine  and  bile,  the  radiolabel  peaked  by  30  ain  and 
rapidly  declined,  with  no  aeasursble  Icng-tera  acruaul at i on ,  In  general, 
the  eariv  ii^ne  ;iZ-24  hr;  oistributian  patterns  paralleled  the  d; str: cut: ons 
'ecorted  using  chicken  iChi  et  a!.,  1973;  Voshirawa  et  aI.,l93C'  )  and 
swine  (Robison  et  ai,,1979  )  nodels,  with  a  slightly  higher  cancentration 
attributable  to  bile  and  the  51  tract. 

jur  studv  represents  a  co^prehensi ‘.s  investigation  of  the  distribution 
and  :iietabQli5a  of  T-2  toxin  past  the  72  hr  tiae  point. The  piasaa 
concentration  curve  shows  that  radioactivity  can  be  detected  in  plasma  as 
early  as  6  min  and  as  late  as  28  days  after  exposure  to  the  toxin.  Even  at 
Che  earliest  time  point  (30  ain),  we  were  unable  tc  detect  unmetabol i c sd  T-2 
(detection  limit,  luq/ml) ,  suggesting  that  the  long-term  toxic  element  is  a 
metabolite  of  T-2,  possibly  HT-2.  The  elimination  phase  of  the  plasma 
concentration  curve  appeared  to  be  multiphasic  due  to  the  presence  of  toxin 
metabol i tes. 

The  distribution  and  excretion  patterns  suggest  that  the  liver  is  the 
major  organ  for  metabolism  and  detoxication  of  the  toxin.  By  30  min,  the 
liver  rapidly  metabolized  T-2  to  HT-2  which,  along  with  several  more-polar 
metabolites,  was  eliminated  from  the  liver  via  the  bile.  This  is  supported 
bv  the  fact  that  the  specific  activity  of  the  bile  was  highest  at  every  time 
po-nt.  The  bile,  therefore,  plays  an  important  role  in  toxin  elimination. 
Sinct  bile  was  collected  at  death  and  not  continuously,  we  could  not 
determine  how  much  radioactivity  actually  passed  through  the  liver  and  bile. 
However,  liver  perfusion  studies  (Pace  and  Hatts,  1983)  suggest  that  during 
a  single  pass  through  the  liver,  70X  of  the  total  administered  radioacti vi ty 
is  ext'acted,  and  50%  appears  in  the  bile. 
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e  -eper.  dent  prcqresiion  ot  pea),  radiqactivit.'  *rp«  Pile  '12  >‘:r  ^ : 
t;  li-pe  .n  test  in®  ■:24  ^••S'  to  tsces  (4  davs’  suogests  that  aetabolites 
.'.3e''to  etr' ;*'?■:  at ;  c  sirculaticr.  The  slow  el  i  !»i  rat  i  on  of  r  ap :  oac  t ;  . :  t  .■ 
•■c  the  ;nt55t;r,e  ti^ht  aooo-jat  for  the  recf'tad  h  s  st  op  at  he  i  ooi  ■;  a!  lesions 
;n  t*'t  GI  tract  o*  ••cdsnts  '■  ?r ennec ►  e  and  Me'„fela,  I'-sZ;.  These  stcoies 
iL. josst  that  ente’^ic  ahsorbants.  such  as  cr. arccal.  Jtav  be  of  soine  benefit  ;n 
tn-  t.'ee‘rir't  of  T-2  i  n  t  o:,  i  c  a  1 1  on . 

J-;narv  tetaooli'as  pea- ed  at  20  am  and.  o/er  the  23  dav  stud/,  s-.'ni  of 
t^’e  total  -  ad  1  oac  1 1  V 1 1  could  be  accounted  for  in  urine.  In  contrast,  m  a 
studv  usir.o  orally  administered  toxin  (Matsuaoto  tt  ai..  l97S)  most  of  the 
rad:  oacti  .'i  tv  was  excreted  in  the  feces.  The  major  urinary  aetabolite  was 
■’-2  tetraol,  the  toxicity  of  which  is  less  than  7-2  toxin  ‘Cole  et  ai,. 

1?21).  The  data  suggest  that  the  quantitation  of  T-2  tetrad  in  urine  mav 
be  a  good  index  of  exposure  to  the  toxin. 

TuC  and  uC.'hS  analysis  of  the  urine  and  bile  revealed  the  oresence  of 
several  unknown  T-2  metabolites  wnich  accounted  for  approx :  aatei  v  4‘j-50v  of 
the  total  radioactivity.  The  metabolic  profile  suggests  that  T-2  toxin  is 
rapidly  *etaboli:ed  to  K1-2  which  is  then  converted  to  one  of  three 
metabolites  as  follows: 

HT-.h  T-2  tetraol  via  4-deacetyl  neoso!  ani  cl  lYoshicawa  et  ai.,  19S0) 
HT-1  3'hydroxy  HT-2  (Yoshicawa  st  ai.,  1932) 

HT-2  3  hydroxy  T-2  triol  via  T-2  triol  or  3'hvdroxy  HT-2 

The  data  presented  here  suggest  that  further  characteri cation  of  the  T-2 
tetrad  and  polar  metabolites  in  urine  will  yield  valuable  information 
regarding  the  metabolism  of  T-2  toxin. 

In  this  study  we  investigated  the  absorption,  distribution,  metabolism. 
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i-i  3*  T-T  tc-ir;  ma  it*  •#tabolit«*  in>  guinea  3i3».  "'i#  cuif*e* 

:i9  :on.*rtta  ’ -Z  to  HT-:.  nMcft  wai  3»ta. .1*1*0  to  ociar 

a«t*ealitei.  T^«  a#tfctici:  at  polar  *»tiColit«*.  in  urm#  as  lano  as  2s  3i^s 
*tt#r  t  iMR  aooin;  jt'atsar.  suggests  t^*t  long  t#r*  e^*•^ts  3*  T-2  to- tn  aa^ 
3e  ;ajs#g  3v  its  iftaaolii  prsauct*. 
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LEGENDS 


1.  ceiBiloc  or  tne  concentration  ot  ''aaioactivitv  in  tte  alas* a 

aC3i-=*.  ti-se  ■.rirat  !•*  nr  =  i  arte'  ar.  i?  in;ect:3n  o*  laOeieO  "-I  to.-in. 
inset  ilioatratss  a  aiulti-onasic  classa  concen  t  -  a  t ;  on  cur.e  Over  f'e  22  Cav 
stud  .■ . 

2.  E,:crst;on  or  radi  Qocti  vi  t  a-fter  adsi  ni  s  t  r  a  1 1  on  or  laOeled  T-2 

tC’in  sa  cuinsi  CIOS.  1"  ‘erTs  or  total  cuoul  at:  .'e  e>;cr9tion  ana  aaii/ 

e/cetion  in  urine  ;0!  and  reces  '.fl>  . 

"igurs  3.  Di atr i b ot i on  or  r ad i oac 1 1 /i t v  in  the  31  tract  istoaach  iW  .  large 
:nte5ti‘‘9  and  s»al !’  1  nteet  i  ne  (Ql)and  bile  o-f  guinea  oios  atter  a 

single  adaini  stration  ot  labeled  T-2  tb::;r.  Eac.h  point  is  the  average  ot 
data  obtained  tro«  a  guinea  pics.'  The  coc'^ticient  ot  variation  Mas  less 
than  ISZ. 

Figure  4,  Representative  radiochroaatograa  ot  bile  collected  trosi  the  gall 
bladder  ot  guinea  pigs  adsii  n  i  stored  labeled  T-2  toxin.  TLC  standards  (T-2, 
HT-2,  T-2  tridl  and  T-2  tetraol)  are  indicated  above  the  scan. 

-igure  5.  Mass  spectrus  ot  the  oletin  trco  Z'hydra:;/  T-2  triol. 

"•-Oure  a.  Representative  radi  ochroaatogr  a«  ot  urine  tro«  guinea  pigs 
adai n 1 5 t er ed  labeled  T-2  toxin.  TLC  standards  i  T-2.  HT-2.  T-2  trial,  and 
T-2  tetraol)  are  indicated  above  the  sca.n. 

rigu'e  7.  Distribution  ot  radioactivity  in  liver  (•»  .  Kidney  (O)  and  heart 
ot  guinea  oigs  atter  a  single  la  adainistration  at  labeled  T-2  to:,  in. 
Each  ooint  is  the  average  ot  data  obtained  troa  6  guinea  pigs. 

Figure  3.  Distribution  ot  radioactivity  in  auscle  ’.•)  and  tat  '®'  ot  guinea 
pigs  atter  a  single  la  adai ni stration  ot  labeled  T-2  toxin.  Each  point  is 
the  average  ot  data  obtained  tro*  6  guinea  Digs. 
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•Mean  values  tor  s' x  guinea  pigs.  The  coefficient  of  variation  Mas  less 
than  137..  Tr  i  t iu«-l  abel ed  T-2  was  adeinistered  at  a  dose  of  I  mg/kg  or 
2.36  X  10*  dpj/kg  tidy  weight. 

“Specific  activit>  of  plasea  is  expressed  in  units  of  dpm/sil. 

“Specific  activity  of  bile  is  expressed  in  units  of  dpm/ul. 
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